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Most maps are now consumed online, yet colleges and universities struggle to keep their cartography and GIScience cur-
ricula up to date with the use of modern web technologies. I present a qualitative interview study aimed at providing 
insight into current teaching practices, along with challenges that may hamper the uptake of web mapping technologies in 
the classroom. The study involved interviews with 20 instructors of web mapping courses at colleges and universities in 
the United States and Canada. Participants were asked about the overall vision for their web mapping courses, the scope 
of material covered, what specific topics are included, which web technologies they use and why, their preferred teaching 
pedagogy, and what challenges they have experienced. The results highlighted several strategies that cartography and GIS 
instructors can use to implement or increase the inclusion of web mapping in their curricula.
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I N T R O D U C T I O N
Maps and mapping have changed drastically over 
the past decade or so. The invention of the smoothly inter-
active tile-based web map in 2005 heralded a major shift in 
public map consumption from paper to digital (Crampton 
2010; Peterson 2014). Today, far more maps are consumed 
via the internet than in hard copy form. For example, 
Apple Maps served more than 5 billion map requests per 
week in 2015, and more than 4.6 million websites current-
ly embed Google Maps (Jesdanun 2015; Built With 2017). 
Even most static maps that once would have been printed 
are now viewed as image or PDF files in the browser. In 
geography classrooms, web mapping is increasingly seen as 
a vital tool for supporting spatial thinking (Manson et al. 
2014).
Creating web maps requires at least basic web development 
and programming skills, yet university geography depart-
ments lag in teaching these skills. Most cartography and 
GIS programs continue to focus on the use of push-button 
desktop software with little text-based coding instruction 
(Bowlick, Goldberg, and Bednarz 2017). The purpose 
of the research reported here is to better understand the 
current state of educational practice, as well as methods 
for expanding the teaching of web mapping in higher ed-
ucation. I report on an analysis of interviews with 20 in-
structors of web mapping courses regarding their teaching 
goals, tools, and methods. A basic understanding of web 
map infrastructure is necessary to interpret the findings of 
the study. Explanations of the technology and its impact 
on cartography in higher education follow below.
TECHNICAL BACKGROUND
The growth of web maps has been enabled by a series of 
innovations in internet technologies. All web maps make 
use of the internet’s client-server architecture, wherein 
data are stored in files or a database on a host machine 
and transmitted by a piece of software (the server) to the 
user’s web browser (the client) (Peterson 2008; Manson 
et al. 2014). The first web maps were simply static images 
of maps placed online as early as 1993, as soon as imag-
es could be displayed in a web browser (Peterson 2014). 
Interactive web maps, or maps that change in response 
to user input, were established shortly thereafter with the 
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development of specialized map servers that could trans-
mit specific geographic data or pre-rendered map images 
requested by the user.
During the 2000s, interactive web maps split between 
those rendered in formats native to the web browser and 
those developed for third-party browser plugins (Roth 
et al. 2014). In the former category, services such as 
MapQuest and TerraServer provided maps that the user 
could zoom and pan via interface buttons that would re-
load the web page with a new map view after each interac-
tion (Peterson 2014). In 2005, Google engineered a major 
breakthrough with the launch of its Maps service, which 
relied on Asynchronous JavaScript and XML (AJAX) to 
load 256-by-256-pixel map image tiles as they were re-
quested by the client, without reloading the entire web 
page (Peterson 2012). This afforded the user smooth, in-
tuitive zooming and panning. This remains the most 
common type of interactive web map, often called a “slip-
py map.” In addition, the Google Maps API, launched 
in 2006, allowed tech-savvy users to add their own data 
as marker or vector feature overlays atop a Google base-
map, and retrieve information from features via pop-ups 
(Crampton 2010). Other commercial services and the 
open source OpenLayers API followed suit.
The other type of interactive web maps commonly de-
veloped in the 2000s were those for third-party brows-
er plugins such as Adobe Flash Player and Microsoft 
Silverlight (Peterson 2008). These were integrated into 
commercial software development environments and pro-
duced as binary executable files that ran once fully down-
loaded by the client (Roth et al. 2014). This strategy was 
advantageous for users with low bandwidth connections, 
providing smooth interaction without requiring constant 
communication between server and client. The graphics 
were also of superior quality to those that could be ren-
dered directly in early web browsers (Jenny, Jenny, and 
Räber 2008).
However, browsers eventually caught up in their render-
ing and interaction capabilities. They developed univer-
sal support for the open web language standards of CSS 
(Cascading Style Sheets) for page styling, SVG (Scalable 
Vector Graphics) for vector image rendering, HTML5 
for content layout, and JavaScript for programming tasks 
(Roth et al. 2014; also see Figure 1). Higher bandwidths 
also became increasingly prevalent in the developed world 
(Lienert et al. 2012; Nielsen 2016). Additionally, the 
World Wide Web Consortium (W3C) promoted a shift 
away from proprietary, third-party technologies toward 
Figure 1. Screenshot of an online web development application (Codepen.io) showing examples of the three basic open web platform 
languages: HTML, CSS, and JavaScript. The code contained in the three panels works together with external code libraries to generate the 
interactive web map at the bottom. The circles on the map are generated dynamically using the SVG graphics format (not shown as code).
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free and open source (FOSS) tools based on open web 
standards that ensured royalty-free use and modification 
(Lund 2017). In 2010, mobile device manufacturers an-
nounced they would discontinue support for third-party 
plugins in mobile browsers, precipitating the deprecation 
of these technologies in favor of sole reliance on open web 
standards (Jobs 2010; Adobe Corporate Communications 
2015).
Concomitant with this shift has been a rapid growth in 
the diversity and flexibility of web mapping technologies. 
Open source JavaScript libraries such as Leaflet and D3, 
which consist of sharable and editable code to facilitate 
easier web map construction, have come into widespread 
use. Many commercial platforms such as Google continue 
cutting edge feature adoption (Peterson 2014). Full-stack 
web mapping and web GIS platforms—web applications 
that include both server- and client-side program compo-
nents—such as Mapbox, CARTO, and ArcGIS Online 
have become more available, powerful, and usable, such 
that it is now possible to make and share a reasonably 
high quality custom web map and even perform advanced 
spatial analysis operations with a few mouse clicks in the 
browser (Kerski et al. 2012; Muehlenhaus 2014). Because 
these services rely on open web standards, the appearance 
and functionality of web maps created with them can be 
further customized by anyone with basic coding skills 
(Sack 2017).
HIGHER EDUCATION BACKGROUND
The shift to open web technologies in cartography has 
echoed a similar shift in higher education toward great-
er usage of web-based instructional technologies and re-
sources (Bozkurt et al. 2015). Online education programs 
continue to grow rapidly, with 32% of all U.S. higher ed-
ucation students taking at least one distance education 
course and 15% taking exclusively distance courses in 
2016, while overall higher education enrollment has de-
clined annually since 2012 (Seaman et al. 2018). In the 
United States, community and technical colleges offer-
ing two-year associate degree programs, and universities 
offering four-year baccalaureate programs, receive a 34% 
share of federal government spending on workforce de-
velopment (Fain 2017). Canadian universities likewise 
see much of their mission as training graduates to meet 
labor market needs (Davidson and Soubry 2014). With the 
rapid rise of information technology in all sectors of the 
economy, this job training looks increasingly web-focused 
as well as web-enabled (Atkinson 2016).
The number of distance education programs in GIScience 
is growing as universities aim to capitalize on the demand 
by working adults for professional retraining and flexible, 
location-independent course structures (Robinson and 
Nelson 2015). These notably include fully online degree 
programs in web mapping and GIS at The Pennsylvania 
State University, the University of Kentucky, and the 
University of Wisconsin–Madison, to name a few, which 
leverage web-based content management systems to com-
bine written and multimedia content modules with re-
al-time instructor support for student learning (Luo, 
Robinson, and Detwiler 2014). Such programs necessarily 
teach web mapping, as the web is their entire medium for 
instruction and assessment of cartography skills, but also 
recognize that interactive web mapping skills are current-
ly in demand by employers and GIS professionals (UW–
Madison 2017).
While these programs are on the cutting edge of web 
mapping education, a cursory review of course offerings 
listed on North American cartography and GIS program 
websites suggests that those offering courses in web map-
ping continue to make up the minority. Research into 
technology adoption in higher education suggests a range 
of possible factors, including the complexity of web tech-
nologies, resistance to change, lack of motivation, lack of 
institutional support, lack of faculty time and resourc-
es, and/or negative experiences in prior attempts (Moser 
2007; Abrahams 2010). The New Media Consortium cat-
egorizes these challenges as “managing knowledge obso-
lescence” and calls for the establishment of “processes . . . 
for both technology and pedagogy discovery so higher 
education professionals can filter, interpret, organize, and 
retrieve information in an efficient and insightful manner” 
(Adams Becker et al. 2017, 23).
Nonetheless, there have been promising developments. 
With a recent update, the Geographic Information 
Science and Technology Body of Knowledge—the au-
thoritative collection of GIScience education standards—
now includes several web mapping-related topics, includ-
ing UX/UI Design Principles, Web Mapping, Virtual and 
Immersive Environments, Mobile Mapping and Responsive 
Design, and Usability Engineering (UCGIS 2017). An in-
creasing number of programs are integrating web mapping 
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into their existing courses or creating new courses focused 
specifically on web mapping (Hermansen 2010). A critical 
mass of courses that would tip the scales toward universal 
adoption of web mapping in cartography and GIS curric-
ula may not be far off (Abrahams 2010). My aim here is to 
hasten its arrival by increasing the awareness of the teach-
ing strategies used by early adopters as well as the chal-
lenges they have faced in the process of learning to teach 
web mapping.
M E T H O D S
The research study reported here consisted of one-
hour interviews with instructors of web mapping cours-
es at colleges and universities across the United States 
and Canada, conducted between August 2016 and April 
2017. Potential participants were identified first by email-
ing faculty at institutions listed in the North American 
Cartographic Information Society’s (NACIS) University 
Labs directory (nacis.org/community/university-labs). 
Additional potential participants were added based on 
recommendations of those who responded to the f irst 
round of emails. Finally, a general recruitment email was 
sent to the American Association of Geographers (AAG) 
Cartography Specialty Group listserv in advance of the 
2017 AAG Annual Meeting.
Through this process, 92 potential participants were iden-
tified, of whom 22 agreed to an interview, a positive re-
sponse rate of 24%. There was no noticeable correlation 
between those who responded and their geographic lo-
cation, specialty, or institution type. Eighteen of those 
identified as potential participants responded but declined 
to be interviewed: four because they were not academic 
instructors, six because they did not currently teach web 
mapping, one due to lack of time, and seven for unspeci-
fied reasons. Twelve of those who declined forwarded the 
invitation or recommended colleagues who they thought 
would be better candidates.
Participants were considered to meet the study criteria 
if they had been an instructor of record for one or more 
courses that taught students how to create an interactive 
web map. Of the 22 interviews recorded, two were ulti-
mately discarded because the participants did not meet 
the study criteria, resulting in a total sample size of 20. 
Of these, seven interviews were conducted in person at the 
NACIS and AAG meetings, and the remaining 13 were 
conducted by phone or video conference. The interviews 
were audio-recorded and transcribed in full.
A semi-structured format was used for the interviews, pro-
viding consistency in participant answers while allowing 
for more natural conversation and follow-up questions 
on themes that were of particular interest to participants 
(Bozkurt et al. 2015). The interview protocol included 
questions on
1. the background and training of the instructor;
2. the scope and sequence of topics covered by their 
web mapping course or courses;
3. the tools and technologies they relied on for 
teaching web mapping;
4. their attitudes toward proprietary and FOSS 
software;
5. their observations as to industry trends in web 
mapping technology and practice;
6. the extent to which they taught the class in per-
son, online, or using a blended approach;
7. their use and creation of open educational 
resources;
8. their preferred teaching pedagogy;
9. successes and challenges they had experienced 
with teaching web mapping; and
10. any techniques they identified as “best practices” 
for teaching web mapping.
Interview transcripts were coded for qualitative data 
analysis using 26 descriptive codes across five categories 
of statements including the overall course context, tech-
nology used in the course, resources used in teaching the 
course, the course setting (i.e., whether in-person, online, 
or blended), the curriculum content, and teaching philos-
ophy and experiences (Table 1). The coding scheme began 
as a list of 22 codes that were inductively revised and added 
to during transcript analysis and discussions between the 
two coders referenced below (Miles, Huberman, and 
Saldaña 2014). For each final code, the statements as-
signed that code were further grouped according to theme 
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Table 1. Interview coding scheme.
Code Description
Category: Course Context
BACKGROUND A statement about the instructor’s education, training, or prior teaching experience
NAME The name of a course
PROGRAM
A statement about the program context in which the course or courses 
is taught (e.g., degree type, prerequisite courses, etc.)
STUDENTS A statement about the characteristics of a student or students in the course
SUPPORT A statement about the extent or nature of support for the instructor from their program or institution
VISION A statement about the social or academic role that the course is envisioned to fulfill
Category: Technology
TOOL A specific piece of software or hardware, a vendor, or a general category of technology
OPEN A statement about the nature of open data or open source software
PROPRIETARY A statement about the nature of proprietary software or data
MOTIVATION A statement about why the participant prefers or does not prefer to use a particular piece or type of software
TREND A statement about a trend of development in web mapping software over time
Category: Resources
OER A statement about open educational resources used or created by the instructor
TEXT A purchased textbook or other commercially licensed resource
Category: Setting
INPERSON A statement about teaching in person
ONLINE A statement about teaching online
BLENDED A statement about using a mix of in person and online instruction
Category: Curriculum
ORGANIZATION A statement about the organizational structure of the course
SCOPE A general statement about the range of topics covered in the course
TOPIC A specific topic covered in the course curriculum
SEQUENCE A statement about how topics are ordered or why they are in a certain order
OBJECTIVE A statement regarding a desired function of the course
OUTCOME An ability or result demonstrated by students who took the course
Category: Teaching
PEDAGOGY A statement about the instructor’s teaching philosophy or techniques
EXPERIENCE A statement about the instructor’s overall experience in teaching web mapping or related subjects
CHALLENGE A statement identifying a challenge the instructor faced in teaching web mapping
DEVELOPMENT A statement regarding course development and/or revisions
Cartographic Perspectives, Number 89, 2018 The Status of Web Mapping in North American Higher Education – Sack | 30 
across all transcripts, with each theme’s frequency and 
extensiveness recorded. These themes are presented in the 
Results section.
To validate the qualitative analysis, 25% of the transcripts 
(5 out of 20) were independently coded by two coders. The 
primary coder analyzed all 20 transcripts, while a second-
ary coder re-analyzed five of the transcripts to produce 
an inter-rater reliability score. The overall results pro-
duced a Cohen’s Kappa score of 0.50, or moderate agree-
ment (Hallgren 2012). This analysis included statements 
for which a code was generated by one of the two coders 
with no corresponding code given by the second coder. 
Excluding such one-sided codes produced a Cohen’s 
Kappa score of 0.78, or substantial agreement.
Based on the results of the coding analysis, the codes 
VISION, SCOPE, TOPIC, TOOL, MOTIVATION, 
PEDAGOGY, and CHALLENGE were subjectively 
judged to contain the most salient collections of state-
ments pertaining to the goals of the study outlined above. 
Themes from statements tagged with each of these codes 
were identified and tallied according to the frequency and 
extensiveness with which the theme recurred across all 20 
transcripts. It is important to note that each interview re-
ceived multiple (sometimes many) themes for each code, 
so these themes should not be considered mutually exclu-
sive. Themes that recurred in multiple transcripts are re-
ported in the Results section below.
R ES U LT S
The results of the qualitative analysis are presented 
below as a series of tables containing the themes for each 
code that were expressed in statements by two or more in-
terview participants (i.e., were present in at least 10% of 
transcripts).
VISION
The VISION code was applied to statements about the 
big-picture social or academic role that the instructor 
imagined the course as fulfilling. VISION themes dis-
cussed by multiple instructors are reported in Table 2.
Instructor visions mostly 
pertained to employable 
skills. The majority of 
web mapping instructors 
saw preparing students 
for future jobs as their 
major purpose in teach-
ing the class. Related 
themes of meeting re-
gional job market de-
mand, providing add-on 
sk i l ls for non-majors, 
following trends in the 
GIS industry, and expos-
ing students to tools they 
could use in their future 
work were each men-
tioned by two instructors. 
Five instructors taught 
the course because it f it 
the particular needs of 
Frequency Instructors Theme
22 12 (60%) Prepare students for future jobs
6 5 (25%) Course fits the needs of the department/program
7 4 (20%) Teach geographic thinking
6 3 (15%) Improve general geospatial literacy
5 3 (15%) Produce students who make better maps
3 3 (15%) Course fills a niche that few other courses currently address
6 2 (10%) Skills fit regional job market
3 2 (10%) Provide add-on skills for non-GIS majors
2 2 (10%) Elective course in GIS major/minor
2 2 (10%) Course links geography to data analytics
2 2 (10%) Course focus fits the dominant trend of GIS toward web-based applications
2 2 (10%) Expose students to web mapping at a basic level
2 2 (10%) Expose students to a variety of mapping tools they can use in future work
Table 2. VISION themes expressed by two or more interview participants.
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their department or program, while three saw the course 
as filling an open niche. Four instructors saw web map-
ping as a useful way to teach students how to think geo-
graphically, and three each wanted to improve geospatial 
literacy and produce students who make better maps.
SCOPE
The SCOPE code was applied to statements about the 
overall range of topics or themes covered in the course. 
SCOPE themes discussed by multiple instructors are re-
ported in Table 3.
The SCOPE code revealed clear divides in the depth to 
which instructors teach web mapping and whether it is 
the primary content of the course or a sidebar in a larg-
er curriculum. Just under half of participants stated that 
their courses focused on a broader geography, cartogra-
phy, and/or GIS curriculum into which they integrated 
web mapping skills. Eight participants said they exposed 
students to a wide variety of web mapping tools through-
out the course. Seven stated that they maintained a heavy 
emphasis on teaching technical concepts, in keeping with 
the vision of web mapping as a career skill. Three reported 
that they sought to balance technical and design concepts, 
and three said they emphasized design heavily.
However, six reported going in a different direction en-
tirely, using web mapping as a platform for encouraging 
students to think critically or explore a “big idea,” and 
four said they used it to explore critical geographic theo-
ry. Although most participants considered programming 
an important web mapping skill, only three mentioned a 
focus on JavaScript coding, while four said they included 
no programming at all in their courses and three speci-
fied that they taught very little or only a very basic level 
of it. Three discussed covering geospatial data and three 
discussed teaching server-side mapping and GIS.
Table 3. SCOPE themes expressed by two or more interview participants.
Frequency Instructors Theme Frequency Instructors Theme
17 9 (45%)
Web mapping is integrated into 
broader course curriculum
3 3 (15%)
Application of tools to solve real-
world problems
17 8 (40%)
Broad exposure to a variety of web 
mapping tools
5 2 (10%) Web GIS
21 7 (35%)
Heavy emphasis on technical 
concepts over design concepts
4 2 (10%) Cartographic design principles
15 6 (30%) Geographic thinking/big concepts 4 2 (10%) Introductory/basic level material
9 4 (20%) Critical theory 4 2 (10%) Web map design principles
8 4 (20%) No programming 4 2 (10%) Python-based
8 3 (15%)
Balance of technical and design 
concepts
4 2 (10%)
User experience/user interaction 
design
6 3 (15%)
Heavy emphasis on design 
concepts
3 2 (10%) Basic introduction to cartography
4 3 (15%) Not much programming 3 2 (10%) Not highly technical
4 3 (15%) JavaScript coding 2 2 (10%) History of mapping/GIS
4 3 (15%) Basic web mapping introduction 2 2 (10%) Open source technologies
3 3 (15%) Geospatial data 2 2 (10%) Acquiring and using GIS data
3 3 (15%) Server-side GIS/mapping
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TOPIC
The TOPIC code was more granular still than either 
VISION or SCOPE, examining specific topics that were 
covered during units of the course curriculum. Participants 
covered a very wide variety of topics in their curricula, 
with almost every course seemingly unique. While this 
lack of cohesion could be judged negatively, one partici-
pant saw it as a positive, stating, “I would hate there to 
be a standard curriculum, so that everybody gets a very 
generic view of what cartography is. . . . The more vari-
ety, the better.” Because this variety made for a great many 
separate themes, only those common to three or more par-
ticipants are reported in Table 4.
Despite the lack of emphasis on coding in the SCOPE 
themes, the most frequently mentioned topic was a 
basic introduction to web languages and technologies. 
Geospatial web services was also mentioned as a topic by 
seven participants, while four each spoke more specifical-
ly about teaching how to either produce or consume these 
services. Crowdsourced data and volunteered geographic 
information (VGI) was also a common topic. Topics men-
tioned by fewer people included a mix of traditional car-
tography and GIS topics and topics more specific to web 
mapping practices.
Table 4. TOPIC themes expressed by three or more interview participants.
Frequency Instructors Theme Frequency Instructors Theme
16 7 (35%)
Introduction to web technologies/
code languages
8 3 (15%) Scale
12 7 (35%) Geospatial web services 8 3 (15%) Cloud GIS
10 7 (35%)
Volunteered/crowdsourced 
geographic information
8 3 (15%) Spatial analysis
13 5 (25%) Web cartography 7 3 (15%) APIs
10 5 (25%) Accessing data 6 3 (15%) Symbolization
7 5 (25%) Cartographic design principles 5 3 (15%) Web GIS
7 5 (25%) Data processing 5 3 (15%) Web map architecture
6 5 (25%)
Map projections and coordinate 
systems
5 3 (15%) Vector tiles
5 5 (25%) Color 4 3 (15%)
GPS data collection using mobile 
devices
6 4 (20%) HTML 4 3 (15%)
Multiscale map symbolization/
generalization
6 4 (20%) Map critique 4 3 (15%) Interaction design
6 4 (20%) Using Story Maps 4 3 (15%) Data visualization
6 4 (20%) Interface design 3 3 (15%) Web feature services
6 4 (20%) Publishing geospatial web services 3 3 (15%) JavaScript
4 4 (20%) Consuming geospatial web services 3 3 (15%) Social media geodata
9 3 (15%) Animation
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TOOL
The TOOL code was the most granular of all, applied to 
a specific piece of software, hardware, general category of 
technology, or vendor name. Participants mentioned using 
almost 200 different tools. Table 5 presents all 68 tools 
that were mentioned by two or more participants.
One thing is clear from this analysis: ArcGIS Online is 
king. Sixteen out of 20 participants made use of it to teach 
web mapping skills. Other Esri products are distributed 
throughout the left-hand side of the table, showing that 
vendor’s current dominance in the web map marketplace. 
Thirteen participants mentioned Esri tools in general, ten 
discussed using ArcGIS Desktop/ArcMap, nine each used 
Story Maps and ArcGIS Server, seven used the Collector 
mobile app, f ive each used Esri ’s Web AppBuilder, 
JavaScript API, and web application templates, four 
mentioned Esri as a vendor, and three used Esri feature 
services. Half of participants (10) used Mapbox, making 
it Esri’s top competitor as a proprietary web mapping ser-
vice supplier; five also mentioned Mapbox Studio, that 
vendor’s flagship web mapping interface. In the same cat-
egory, Google Maps was used by eight participants, with 
its API taught by five, and various other Google products 
gaining a few mentions each. CARTO was used by seven, 
with its Builder application and API each mentioned by 
two. Leaflet, the most widely-used open source web map-
ping API, was taught by seven participants. Six partici-
pants used QGIS, an open source desktop GIS platform.
Many participants also covered web languages in their 
courses. HTML and JavaScript were mentioned by 12 and 
11 participants, respectively, while CSS was mentioned by 
Table 5. TOOL themes expressed by two or more interview participants.
Freq. Instructors Theme Freq. Instructors Theme Freq. Instructors Theme
93 16 (80%) ArcGIS Online 7 5 (25%) Web map service (WMS) 8 2 (10%) Geoserver
52 13 (65%) Esri tools 7 5 (25%) Web feature service (WFS) 8 2 (10%) OpenLayers
27 12 (60%) HTML 5 5 (25%) KML 7 2 (10%) Python
61 11 (55%) JavaScript 22 4 (20%) GitHub 6 2 (10%) HTTP
36 10 (50%) Mapbox 14 4 (20%) Adobe Illustrator 5 2 (10%) URL
32 10 (50%) ArcGIS Desktop/ArcMap 13 4 (20%) Esri 5 2 (10%) Vector tiles
36 9 (45%) ArcGIS Server 11 4 (20%) APIs 5 2 (10%) Twitter API
22 9 (45%) Esri Story Maps 6 4 (20%) GPS 4 2 (10%)
Learning management 
systems (LMS)
14 8 (40%) Google Maps 6 4 (20%) Excel 4 2 (10%) Canvas LMS
45 7 (35%) CARTO 4 4 (20%) XML 4 2 (10%) Git
43 7 (35%) Leaflet 15 3 (15%) TileMill 4 2 (10%) Survey123 for ArcGIS
16 7 (35%)
Preexisting web map 
applications
14 3 (15%) Google Earth 3 2 (10%) Shapefile
13 7 (35%) ArcGIS Collector 11 3 (15%) Amazon AWS 3 2 (10%) TopoJSON
7 7 (35%) Mobile device 6 3 (15%) Instagram API 3 2 (10%) CARTO Builder
15 6 (30%) QGIS 6 3 (15%) OpenStreetMap 3 2 (10%) Notepad++
11 6 (30%) CSS 5 3 (15%) Google Fusion Tables 3 2 (10%) Microsoft Windows
9 6 (30%) Web browser 5 3 (15%) Geospatial web services 2 2 (10%) Course website
20 5 (25%) Google Maps API 4 3 (15%) Google My Maps 2 2 (10%) YouTube
19 5 (25%) ArcGIS API for JavaScript 4 3 (15%) Esri feature service 2 2 (10%) Google
16 5 (25%) Mapbox Studio 4 3 (15%) jQuery 2 2 (10%) ColorBrewer
12 5 (25%) GeoJSON 3 3 (15%) Tableau 2 2 (10%) Web server
9 5 (25%)
Web AppBuilder for 
ArcGIS
9 2 (10%) OGC web services 2 2 (10%) CARTO API
8 5 (25%)
ArcGIS Web Application 
Templates
8 2 (10%) Google tools
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six. Of web standard geospatial data formats, GeoJSON 
was used by five participants, and KML and XML were 
each used by four. Geospatial web services were also pop-
ular, with WMS and WFS each mentioned by five and 
the broader category of OGC services to which those be-
long discussed by two. Two participants mentioned teach-
ing students about vector tiles, which are used by Mapbox 
and Google for their tile services (and can now be pro-
duced by Esri’s ArcGIS Pro and ArcServer). While no one 
specifically mentioned raster map tiles, three participants 
mentioned using TileMill, an open source desktop appli-
cation that creates them.
MOTIVATION
The MOTIVATION code was applied to statements re-
garding why the participant chose to use a particular tool 
in their course. The 42 themes in Table 6 provide context 
for the prevalence or absence of tools listed in Table 5.
Two somewhat conflicting motivations occupy the top two 
positions in the table, with nine participants each. These 
themes demonstrate the tension between providing stu-
dents with experience in industry-standard Esri products 
and exposing students to a wide variety of alternative tools 
Table 6. MOTIVATION themes expressed by two or more interview participants.
Freq. Instructors Theme Freq. Instructors Theme
21 9 (45%)
Industry standard tool that students are likely to 
encounter in future jobs
4 3 (15%) Department/program tradition or inertia
19 9 (45%)
Expose students to a variety of web mapping tools that 
may be useful in their future work
4 3 (15%) Tool excites students
16 8 (40%) Ease of use 4 3 (15%) Tools provides valuable job skills
16 6 (30%)
Tools integrate into a full stack that addresses all 
course needs
3 3 (15%) Lack of instructor time to explore possible alternative tools
8 6 (30%) Tool is easier to use/teach than alternatives 5 2 (10%) The tool demonstrates a particular topic well
8 5 (25%) Free/no cost 4 2 (10%) Tool makes accessing data easier for students
8 5 (25%) Tool is popular/common 4 2 (10%) Tools do not require programming skills
7 5 (25%) Instructor is familiar/comfortable with tool 3 2 (10%) Aesthetics of the tool
10 4 (20%) Accessible to students 3 2 (10%) Matches instructor’s skill level/expertise
6 4 (20%) Knowledge of tool is desirable to potential employers 3 2 (10%)
Tool provides an important web mapping component or 
concept
6 4 (20%)
Tool is covered by an institution-wide site license at no 
additional cost
3 2 (10%)
Tool provides a platform students can use to access 
another tool
5 4 (20%) Interface is highly usable 3 2 (10%)
Tool enables students to easily create and learn about 
custom map tiles
5 4 (20%) Tool enables students to gain transferrable skills 2 2 (10%) Students can examine the inner structure of the tool
5 4 (20%)
Tool fits with instructor’s ethical/ideological orientation 
toward open source
2 2 (10%) Instructor saw a demonstration using the tool
4 4 (20%) No time in course for exploring alternative tools 2 2 (10%) Tool is fun/amusing
4 4 (20%) Tool enables students to collect data in the field 2 2 (10%) Prior relationship with software vendor
6 3 (15%) Tool is powerful 2 2 (10%)
Web mapping is more accessible/approachable than 
desktop mapping software
5 3 (15%) Instructor likes the tool 2 2 (10%) Tool provides opportunity for remote collaboration
5 3 (15%)
Students are already familiar with the tool or its 
ecosystem
2 2 (10%) Tool provides useful features for learning coding
5 3 (15%) Students want to learn tool 2 2 (10%) Tool enables data visualization
4 3 (15%) Tools work well for particular course needs 2 2 (10%) Prior/alternative tool was deprecated
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they may encounter in the future, thus encouraging adapt-
ability. Notably, each approach sees itself as preparing stu-
dents for future jobs.
Another broad, motivating theme was tool usability. Eight 
participants preferred using tools that are easy for both 
students and the instructor to figure out, and six similarly 
felt that the tool they chose was easier than the alternative 
tools they could have used. Six participants liked using 
tools that could integrate into a full stack of GIS technolo-
gies; this applied specifically to Esri products. Five partic-
ipants each discussed tool popularity and their own famil-
iarity with the tool.
Cost was an additional factor. Five participants expressed 
the need to use tools that were free, although this did not 
Table 7. PEDAGOGY themes expressed by two or more interview participants.
Freq. Instructors Theme Freq. Instructors Theme
20 13 (65%) Final projects 4 2 (10%) Open-book/repeatable online quizzes
21 11 (55%) Hands-on/active learning 4 2 (10%) Students engage in group discussion
9 8 (40%) Students modify templates 4 2 (10%) Students are encouraged to explore
7 6 (30%)
Students complete tutorials and exercises 
independently
4 2 (10%) Curriculum addresses multiple learning styles
7 5 (25%) Field data collection with mobile app 3 2 (10%) Do not use lengthy lab assignment instructions
5 5 (25%) Online discussion boards 3 2 (10%) Balance between theory and practice
8 4 (20%) Video tutorial/demonstration included in lesson 3 2 (10%)
Students choose which tools to use to complete an 
assignment
7 4 (20%) Peer assistance encouraged 3 2 (10%) Web maps are included as examples in lecture
4 4 (20%) Simple/straightforward activities 3 2 (10%) Traditional weekly lab periods
4 4 (20%) Later exercises build on earlier topics 3 2 (10%) Each assignment has learning goals/objectives
4 4 (20%) Students find their own data for assignments 3 2 (10%) Instructor teaches how to copy and paste code
8 3 (15%) Peer critique 3 2 (10%)
Instructor assists students remotely using email, 
phone, and/or videoconferencing technologies
7 3 (15%) Projects are open-ended 2 2 (10%)
Course gives students resources to pursue additional 
skills on their own
6 3 (15%) Content should be fun 2 2 (10%)
Activities require multiple pieces of software to 
complete a task
6 3 (15%)
Students must figure out a solution through 
independent research
2 2 (10%) Activities demonstrate the utility of GIS
5 3 (15%)
Instructor uses software/service problems as a 
learning experience
2 2 (10%) Course includes traditional lectures
3 3 (15%) Additional readings are assigned 2 2 (10%) Course balances lecture and lab activities
3 3 (15%) Deconstructing existing web maps 2 2 (10%) Instructor demonstrates code examples
3 3 (15%)
Instructor directs students to online tutorials and 
resources
2 2 (10%) Instructor focuses on design principles
3 3 (15%)
Students receive open-ended assistance during lab 
periods
2 2 (10%) Students critique existing web maps
3 3 (15%) Regular weekly or semi-weekly lab assignments 2 2 (10%) Students engage in critical thinking and reflection
3 3 (15%) Lectures are kept brief 2 2 (10%)
Students make a web map from beginning to final 
product
6 2 (10%) Topics are carefully sequenced 2 2 (10%)
Students choose a topic of interest for their final 
projects
5 2 (10%) Guest speakers are invited 2 2 (10%) Bloom’s Taxonomy
4 2 (10%) Lecture material is posted online 2 2 (10%) Instructor uses sandboxes to teach coding
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necessarily also mean open source. The cost advantage of 
using a tool already covered by Esri’s institutional site li-
cense was mentioned by four as a reason for choosing their 
tools. Interestingly, only three participants stated that the 
tool was chosen because it fit the needs of the existing 
course, and two each said that it demonstrated a particular 
topic or provided an important web mapping component 
or concept.
PEDAGOGY
The PEDAGOGY code was applied to statements about 
teaching philosophy, techniques, or methods used by the 
participant. This included but was not limited to state-
ments using the name of a formal pedagogical model (e.g., 
Bloom’s Taxonomy, active learning, etc.). Table 7 lists 50 
pedagogical themes expressed by two or more participants.
Active learning was a key pedagogical approach discussed 
by participants. Eleven participants directly stated that 
they made their assignments active and hands-on, while 
13 required their students to complete an independent 
final project at the end of the course to apply the skills 
and concepts they had learned throughout the semester. It 
was common practice to assign students existing web map 
templates to customize, with eight participants employing 
this strategy, while six said they had students work inde-
pendently on assignments during lab periods.
Real-world applications were also seen as important. A 
quarter of participants (5) reported using Esri’s Collector 
mobile app to have students collect location-tagged data 
outdoors on personal devices and upload that data to the 
ArcGIS Online platform, thereby demonstrating field 
data collection and processing workf lows. Four partici-
pants reported requiring students to find their own data, 
keeping assignments relevant to their interests.
Several participants discussed different methods of content 
delivery through online learning management systems, 
used regardless of whether the class was primarily taught 
in person or online. These methods included hosting on-
line discussion boards (5), generating video tutorials (4), 
posting lecture material online (2), and hosting open-book 
and repeatable online quizzes (2). Collaboration was also 
used frequently; multiple participants encouraged peer 
assistance (4) and/or integrated peer critique into project 
assignments (3). Several emphasized simplicity or enjoy-
ment, including straightforward activities (4), keeping lec-
tures brief (3), and keeping the course content fun (3).
CHALLENGE
The CHALLENGE code was applied to statements re-
garding what was hard or difficult about the course, for the 
instructor, for students, or both. Since modern web map-
ping technologies are both relatively new and technically 
complex, some challenge is to be expected. Highlighting 
the challenging areas may indicate where strategies should 
be developed for workarounds or improvements to instruc-
tional technique. Table 8 lists 31 themes, distinguishing 
whether each theme was primarily a challenge to the in-
structor, to the students, or to the course as a whole.
Unsurprisingly, given the rapid pace of change in web 
mapping technologies, most instructors (12) found keep-
ing up with those changes difficult. Many discussed the 
implications of rapid change as well, including finding the 
necessary time to update their course curriculum (10) and 
finding the time to maintain and build their own tech-
nology skillsets (5). Two participants mentioned specific 
disruptions to their planned course content caused by un-
foreseen software changes just before or during the time 
when the course was offered.
For students, according to half of participants, the most 
difficult aspect of web mapping to learn was coding, par-
ticularly in JavaScript. Six reported that it was difficult to 
find adequate time to teach coding, while five discussed 
the paradoxical difficulty of teaching JavaScript skills to 
a set of students who do not necessarily enter the course 
with adequate background in general computing, and 
three saw this as a cause of students’ difficulties learning 
the material. Four participants discussed their own lack of 
expertise in web mapping as an impediment to teaching 
it. Other challenges were more technical in nature, such 
as the difficulty of setting up and maintaining an in-house 
web server for the course (5), a lack of institutional sup-
port for required software (4), and outages in web services 
that were relied upon to teach the course (3). The latter 
theme particularly came up in interviews conducted after a 
worldwide outage of Amazon Web Services, which pow-
ers thousands of major websites and services, including the 
ArcGIS Online platform.
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D I S C U S S I O N
THE CURRENT STATE OF WEB MAPPING EDUCATION
The interview study revealed a great deal of vari-
ety but also some consistent patterns in course offerings. 
The participating instructors overwhelmingly saw web 
mapping as a career skill, and teaching it as necessary to 
prepare students for the current GIS job market. Some 
also viewed teaching these skills as enabling inquiry into 
broader critical and geographic questions. However, even 
those who stressed this aspect of web maps were clear on 
their overall purpose in teaching. One instructor exem-
plified their vision thusly: “By focusing on web mapping, 
by returning the explicit focus to spatial information and 
visualization . . . then we can really hone in on what makes 
geography and geographic thinking special, and the skills 
that my students have that their competitors don’t in the 
job market or anywhere.”
In terms of the overall scope of topics in participants’ 
courses, four general threads emerged: web mapping alone, 
web GIS, critical geography with web mapping, and web car-
tography. Some instructors taught courses focused on web 
mapping as the exclusive subject matter of the course. 
However, this accounted for fewer participants than 
Table 8. CHALLENGE themes expressed by two or more interview participants.
Freq. Instructors Theme Freq. Instructors Theme
31 12 (60%) Instructor: Keeping up with technology changes 5 2 (10%) Students: Finding required data
20 10 (50%) Students: Coding/JavaScript 5 2 (10%)
Instructor: Course revisions required by software 
changes
18 10 (50%) Instructor: Time to update curriculum 4 2 (10%) Instructor: Solving student problems
12 6 (30%)
Instructor: Instructional time required to teach 
coding
3 2 (10%) Students: Completing tasks independently
9 5 (25%)
Instructor: Teaching computer science skills to 
students with little background
3 2 (10%) Instructor: Balancing theory and skills
8 5 (25%) Instructor: Server setup and maintenance 3 2 (10%)
Instructor: Student use of incompatible browsers 
or operating systems
8 5 (25%)
Instructor: Time to build or maintain own 
technical skills
3 2 (10%) Instructor: Time requirements of teaching online
7 4 (20%)
Instructor: Lack of expertise in web mapping 
skills
2 2 (10%) Instructor: Time required by students who struggle
5 4 (20%) Instructor: Institutional software support 2 2 (10%) Instructor: Time constraints of program
4 4 (20%) Instructor: Low student motivation 2 2 (10%) Students: Git/GitHub
5 3 (15%) Students: Lack of prerequisite skills 2 2 (10%) Students: Disruptions from software changes
4 3 (15%)
Instructor: Limited time in course to teach web 
mapping tools
2 2 (10%) Course: Web service data or usage limits
3 3 (15%) Course: External web service outages 2 2 (10%) Students: Understanding cloud data storage
2 3 (15%) Students: Software use and problem solving 2 2 (10%) Instructor: Choosing which tools to teach
6 2 (10%) Course: Limited bandwidth 2 2 (10%) Instructor: Assessment and grading
5 2 (10%) Instructor: Providing clear instructions to students
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anticipated. In some cases, the course was focused on GIS 
or web GIS, with web mapping considered a subset of the 
technical skills curriculum. Several other participants saw 
web mapping as a gateway to geographic thought, critical 
theory, and/or “big concepts,” in keeping with Manson et 
al. (2014). Finally, some introduced web mapping within 
traditional cartography courses, where the focus was pri-
marily on visual design.
Enabling web technologies, data, and design ranked as the 
most taught topic areas. While a couple of participants 
included no coding at all in their web mapping courses, 
the majority saw a basic understanding of HTML, CSS, 
and JavaScript as vital, if challenging, to impart to stu-
dents. Many included working with geospatial web ser-
vices, which demonstrate how data layers and maps can be 
shared in real time across networks. However, managing 
the necessary server software, whether in-house or in the 
cloud, was frequently described as a challenge. Data—
downloaded from traditional sources, collected in the 
field, or crowdsourced—and cartographic design are core 
components of web maps and were likewise key course 
topics.
In the market for teaching tools, Esri continues to exert 
dominance. While some interview questions were intend-
ed to prompt participants to reflect on the difference be-
tween open source and proprietary software and why they 
would use one over the other, most participants’ answers 
showed this to be an amorphous divide. By far the more 
relevant division was between Esri and non-Esri software. 
Participants highlighted the need for tools to be free, easy 
to use and teach, and relevant to students’ future jobs; for most, 
the type of software license was of minor or no concern.
Esri’s ArcGIS Online platform provides a full suite of 
scalable tools and applications that cover virtually every 
component of web mapping architecture. At its basic, free 
tier, the software includes a hosted web mapping service 
with an accessible graphic interface. For client-side de-
velopment, Esri provides an open-source JavaScript API, 
easy-to-modify application templates, and open access to 
many of its web services for non-profit use. Subscriptions 
to more advanced spatial analysis, data collection, and 
hosting capabilities are fully covered by the vendor’s ed-
ucational site licensing and thus entail no cost to instruc-
tors. Esri’s desktop software, used in almost every intro-
ductory GIS course, is increasingly integrated with its 
online platform. Instructors stressed convenience, good 
documentation, vertically integrated applications, and ab-
sence of any additional cost as reasons for sticking with 
Esri, in addition to the vendor’s continued dominance in 
the industry.
Nonetheless, there are downsides to Esri software that 
led some participants to consider other options. ArcGIS 
Server was frequently highlighted as difficult to set up 
and maintain. While templates are available for begin-
ners to modify, the Esri JavaScript API is more complex 
than some open source mapping APIs. Some participants 
disparaged the lack of cartographic design guidance in 
ArcGIS Online. A couple rejected Esri software out of 
ideological adherence to free and open source. But the 
most frequently stated reason for using non-Esri software 
was simply to expose students to a wide variety of web 
mapping tools that they might encounter in the workplace. 
“I don’t want [students] to know about just one thing, or 
one set of tools,” opined one participant, “I want them to 
know about all kinds of tools out there, so they can be 
well equipped for whatever job position they happen to be 
going into.”
In terms of pedagogy, hands-on active learning was seen 
as critical to student success. Several participants expect-
ed students to come up with their own data, or otherwise 
tried to make the learning relevant to students’ interests. 
These are basic principles of constructivism, the philoso-
phy that the role of the instructor is to assist students in 
building their own knowledge structures around the ma-
terial (Foote 2012). They seem obvious in the case of a 
technical skillset such as web mapping, which operates at 
the uppermost, “create” level of Bloom’s cognitive taxono-
my, requiring students to synthesize concepts to produce 
an application (Anderson and Krathwohl 2001). Most in-
structors provided an exercise in creation via an end-of-
term final project. What was not as expected was the prev-
alence of certain teaching techniques enabled by online 
learning management tools, such as hosting ongoing dis-
cussion boards and posting written and video tutorials for 
students to review. In particular, some participants com-
mented on finding unanticipated benefits to posting lec-
ture material and demonstrations online, such as increased 
comprehension among students for whom English is a 
second language, and the ability of all students to review 
the material and uptake concepts they may have missed 
during the class session.
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The two greatest challenges in teaching web mapping 
were, unsurprisingly, teaching students how to code and 
keeping up with rapid technology changes in the indus-
try. Most participants’ courses are offered by a geography 
department or closely related discipline, so few students 
come to them with advanced computer science skills or 
programming experience (with some exceptions). There 
seemed to be consensus among participants that a single 
term is simply not enough time to turn beginners into 
coders at a higher than cursory level. Nonetheless, while 
a couple of participants avoided teaching any code, most 
considered basic knowledge of web languages important, 
even in courses with a broader scope such as web GIS. 
Several participants asked students to modify existing 
templates as an approachable way to learn some basic web 
development concepts.
With the available teaching tools changing quickly, many 
participants struggled to find time to update course mate-
rials as well as their own tool awareness and skillsets given 
other teaching and research commitments. Most software 
vendors and open-source projects will continue to support 
older versions after a new release, but those instructors 
who chose to use more innovative or cutting-edge prod-
ucts sometimes found themselves faced with acute dis-
ruption when a vendor chose to discontinue development 
of the selected tool. Further, the growing importance of 
interconnected cloud services may have promoted a false 
sense of security, as even the most trusted e-services were 
proven vulnerable to technical failure during the time pe-
riod when interviews were conducted. Several participants 
had their courses disrupted on February 28, 2017, when 
Amazon Web Services—which hosts ArcGIS Online—
suffered a major outage caused by human error, knocking 
those tools offline (Del Rey 2017). Taken together, these 
factors require web mapping instructors to be nimble and 
adaptable to change, while also maintaining technology 
blog subscriptions and attending technical conferences.
RECOMMENDATIONS FOR TEACHING WEB 
MAPPING
Based on the interview study results discussed above, it is 
clear that there are a variety of ways of integrating web 
mapping into geography, 
cartography, and GIS pro-
grams of study, and that the 
ultimate goal of each is to 
integrate spatial thinking 
with computational think-
ing and technical skills. The 
GIScience and Technology 
Body of Knowledge entry on 
Web Mapping (Sack 2017) 
lists ten learning objectives, 
which are organized accord-
ing to the revised Bloom’s 
C o g n i t i v e  Ta x o n o m y 
(Anderson and Krathwohl 
2001; Table 9). These ob-
jectives were informed part-
ly by the research I report 
here as well as prior research 
into web mapping course 
development (Sack and 
Roth 2017). All ten objec-
tives should be included in 
new courses with a focus on 
web mapping, while critical 
Table 9. Web Mapping Learning Objectives from the GIS&T Body of Knowledge entry on  
Web Mapping, organized according to Bloom’s Cognitive Taxonomy.
Learning Objective
Level in Revised Bloom’s 
Cognitive Taxonomy
Identify examples of static, animated, and interactive web maps Remember
Explain client-server network architecture Understand
Explain how a tiled map mashup is created Understand
Use a geospatial web service in a map or GIS project Apply
Identify the source of data, representation, and animation or 
interaction in an example web map, and the roles played by each
Analyze
Critique the usability of existing web maps, including visual design 
choices, user interface, and interaction affordances and feedbacks
Evaluate
Determine a web map’s intended purpose and assess its use of 
visual hierarchy and interaction based on that purpose
Evaluate
Design, construct, and publish an interactive web map Create
Format the styling, text, layout, image resolution, and file type of a 
static map so that it can be included in a well-designed web page
Create
Publish a web map service or web map tile service Create
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geography, cartography, and GIS courses may choose a 
subset to integrate.
The learning objectives in Table 9 form a measurable base-
line of skills that students in web mapping courses should 
have at the end of the course. This sample is not intended 
as a comprehensive list of all possible learning objectives 
for web mapping and operates at the scope rather than 
the topical level of abstraction. Web mapping instructors 
should develop additional topical learning objectives that 
contribute to student success in this overall skill set. The 
depth of the curriculum depends on the course scope; 
broader-scope courses necessarily will not be able to ac-
complish as many web mapping objectives. A profession-
al-level mastery of these skills will require multiple semes-
ters of integrated coursework.
The pedagogy best suited to achieving these learning ob-
jectives is rooted in constructivism. There is little dispute 
in the literature and in the study results that active learn-
ing focused on real-world problems and applications is key 
to student success with web mapping. The constructivist 
principle of scaffolding and the open source principle of 
innovation based on manipulation of prior work can guide 
the assignment of learning activities, such as modifying 
existing web map templates (Schultz 2012; Balter 2015). 
Online learning management systems and robust web-
based collaboration tools should be employed as central 
features of the coursework, not left out or treated as an 
afterthought. These tools reinforce both metacognition 
and collaborative troubleshooting skills that are essential 
to web development.
Support at the program and institutional levels is essential 
to the successful implementation of web mapping course-
work. Information technology (IT) support staff must be 
willing to collaborate with instructors on making both cli-
ent- and server-side web mapping tools available to stu-
dents while maintaining network security. Before teaching 
a web mapping course, instructors should thoroughly plan 
what technologies will be needed and check with IT staff 
on the amount of notice required to install the software 
on institutional machines and what level of support can be 
provided during the course. Depending on the institution, 
instructors may need to be prepared to find creative work-
arounds involving cloud-hosted services if a desired tool 
cannot be made available to students. The choice of spe-
cific technologies used to achieve the web mapping objec-
tives is much less important than emphasizing the adapt-
ability and transferability of the design and development 
concepts involved in web mapping.
Given the pace of technology change, instructors must 
also make the case to their administrative and supervisory 
personnel for release time and funding to enable profes-
sional development and curriculum development. Given 
the rapidly growing importance of programming and web 
development skills to STEM careers, institutions and pro-
grams that wish to produce successful graduates must give 
instructional faculty the resources they need to develop 
these skills themselves and integrate them into cartogra-
phy and GIS curricula.
CO N C L U S I O N
Web mapping and coding skills are vital within the 
cartography and GIS career fields. Yet academic web map-
ping instruction remains in the pioneering phase, with rel-
atively few institutions offering it in some form. Those that 
do offer it use a range of approaches that vary by scope of 
subject matter and depth of skills taught. Some instructors 
teach web mapping as a stand-alone subject, while others 
embed it within a broader context of GIScience, cartogra-
phy, or critical geography theory. The former courses tend 
to go deeper into the technical skills, including a heavy 
emphasis on JavaScript coding, while the latter tend to in-
clude coding as a minor component or not at all due to 
the time requirements and lack of prerequisite skills in 
students. There are some exceptions to this trend, such as 
one interview participant who focuses heavily on technical 
skills but works in critique of the ontologies of geographic 
information and geospatial technology.
The newness of the field, the rapid pace of technology 
change, and the lack of prior experience with computer 
programming among the current generation of students 
pose major challenges for instructors of web mapping 
courses. Institutions have a major role to play in support-
ing the development of such courses, and given the de-
mand for web mapping skills, it is in their interest to do 
so. Administrators can support instructors by lightening 
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teaching loads to allow time for research, development, 
and updating of course materials, as well as providing 
funds for conferences and workshops. IT staff can help by 
dedicating time to working with instructors to install and 
configure necessary software, and by reducing lead time 
for new software requests as much as possible.
Despite the challenges, the participants interviewed for 
this study demonstrate that web mapping instruction is 
possible in a wide range of higher education settings given 
minimal instructor knowledge of the technology and a 
willingness to experiment. Web maps are no longer the 
maps of tomorrow; they are the maps of today. Training 
in web mapping technologies should be considered man-
datory for future cartographers. The strategies exposed by 
this study should serve as inspiration for cartography and 
GIScience educators everywhere to develop courses that 
provide their students with these essential skills.
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